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LABORATORY, EXPOSURE, AND SIMULATED 
SERVICE TESTS OF SLOW-CURING 
LIQUID ASPHALTS 


BY THE DIVISION OF TESTS 


, BUREAU OF PUBLIC ROADS 


Reported by R. H. LEWIS, Associate Chen 


nda 


W.O'B. HILLMAN, Assistant Highway Engine 


N INVESTIGATION of the weather-re sistant 
properties of a number of liquid asphalts of the 
slow-curing type Was recently completed by the 

B ireau of Publie Roads in cooperation with Conunuittee 
3-b on Cutbacks and Liquid Residuals of the Association 
ol Asphalt Paving Technologists. A general report ° on 
this work was given at the January 1936 meeting of the 
(ssoclation 

The data presented in that report were discussed 
only briefly and data on some phases of the investiga- 
tion were omitted entirely. It is felt that the worl 
warrants a more detailed discussion and therefore this 
report, which presents the view point of the Bureau only ; 
has been prepared, 

The purpose of the investigation was to determine 1 
the changes that occur in the physical and chemical 
properties of liquid asphalts present as binders in road- 
surfacing mixtures of the densely graded type and the 
behavior of the road mixtures under simulated service 
conditions could be correlated with the results of con- 
ventional laboratory tests on these products and with 
the results of exposure tests?° similar to those pre- 
viously made by the Bureau on liquid asphalts of the 
Sali tvpe. 


The investigation was carried out along the following 


|. The liquid asphaltic materials were examined by 
the test methods recommended by the Bureau of 
Public Roads and The Asphalt Institute, and by other 
test methods that have been or are in use in specifica- 
tions for liquid asphaltic road materials of the slow- 
curing type. 

2. The asphaltic materials were exposed in com- 
paratively thin films to the action of solar light and 





heat and of air under different test conditions. The 
wnount of volatile matter lost under these conditions 
Was determined and the residues formed during the 
Varl periods of exposure were tested for consistency , 
ductil and solubility. 

_ 9. Mixtures of the liquid asphalts with a sand and 
limestone-dust aggregate were made. Portions of 
these xtures were molded into specimens for the 
Hubb d-Field stability test and for the toughness 
test esistance to impact ). The specimens —_— 
test unediately, and after exposure to various test 
Conditions for different periods of time. 

1 creater portions of these prepared mixtures 
Were piuced as wearing surfaces on a small circular 
track subjected to weather conditions and con- 
Pct faces of the Technical Sessions of the Association of Asphalt Pa 
“ r ~e ‘ eveland, Ohio, January 23, 1936. : | 
Lewis an ne Liquid Asphaltic Materials of the Slow-Curing Type, by R. H 

Furt} 8. Hillman. Pusuic Roaps, vol. 15, no. 4, June 1934 
O'R i a Liquid Asphaltic Road Materials, by R. H. Lewis 
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trolled traflic of rubber-tired wheels. The behavior of 
the surfaces was noted and the different sections were 
cored from time to time to determine the changes in 
stability of the mixtures 


PHYSICAL AND CHEMICAL PROPERTIES OF ASPHALTIC MATERIALS 
DIFFERED WIDELY 


Slow-curing liquid asphaltic materials of the SC-2 
type, similar to those investigated in previous studies 
by the Bureau, and having Furol viscosities of 250-320 
seconds at 122° F., were selected for investigation. 
Information relative to the source of the base petroleum 
and the refining process used in the manufacture of the 
selected materials is as follows 

Sample 1: An uneracked, steam-reduced Mexican 
residual (probably 250-300 penetration asphalt) blended 
with gas oil to reduce the viscosity. 

Sample 2: An 
tinent residual. 

Sample 3: An uncracked, steam-reduced California 
residual, 

Sample 4: A 1,000-pound pressure cracking coil 
residual produced from gas oil, 

Sample 5: A low-level residue, reduced from west 
Texas crude by the Dubbs process, blended with me- 
dium-heavy gas oil to reduce the viscosity. The trans- 
fer temperature of the Dubbs process was 910° F., 
chamber pressure 200 pounds, and flashed in a vacuum 
to approximately 4,000 Furol viscosity at 122° F. 

Sample 6: A blend of 50 percent of sample 2 and 50 
percent of sample 4 

The data obtained on sample 6 were not included in 
the report presented by committee 3—b. There was 
considerable difference of opinion among the members 
of the committee as to the advisability of including a 
blend of cracked and uncracked products in this study. 
[t was held that the difference in behavior of uncracked 
materials, as represented by samples 1, 2, and 3, and of 
cracked materials, as represented by samples 4 and a, 
was of major importance. The behavior of a blend of 
two materials in only one proportion would not give an 
accurate picture of the probable behavior of blends of 
other materials or blends of the same materials in differ- 
ent proportions. The committee therefore agreed that 
the behavior of blends should be considered in a separate 
study. The behavior of sample 6 under the various 
test conditions, however, was of such unusual character 
that the Bureau believes the data relative to this 
material should be included in this report. 

Results of the laboratory tests on the liquid asphalts, 
together with the test requirements for SC-2 grade 
material, are given in table 1. It will be seen from a 
study of this table that, with the exception of sample 1, 
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TABLE 1 Results of fests on original materials showing confor mity 
Specific gravity at 77° F 
Flash point, I 
Furol vis ‘osity. at 122° F second 
Float at 77 F. do 
Loss at 325° F., 5hr., 50g percent 
Loss at 325° F., 5hr., 20g ; do 
Reaction to Oliensis test 
Organic matter insolub le in C S2 perce 
Organic matter insoluble in CCl,-- oy 
Organic matter insoluble in 86° B napht i do 
Fixed carbon-. eS d 
Asphaltic residue sae ‘ i 
Distillation (A. 8. T. M. D402-34T 
437° | io 
Total amount off by volume at/600° F ; do 
680° I do 
Total distillate to 680° F____-- percent (by weight 
Distillation loss ?_. 1o 
Total loss in « iistillation tes io 
Tests on the dis illation resi ca 
Float at 122° eae econds 
Organic matter insolut le in CS, ercent 
Organic matter insoluble in CC |, do 
Organic matter insoluble in 86° B. naphtha i 


Failed to meet specification 

which had percentages of distillate at 600° F. and 680 
F. that were 0.5 percent higher than the specification 
limit, all of the materials met the SC-2 specification. 
The test data do indicate, however, that although these 
materials met the same specification their physical and 
chemical properties differed widely. These differences 
will be discussed briefly. 

The three steam-reduced products, samples, 1, 2, and 
3, had lower specific gravities than did samples 4, 5, and 
6 and both the original materials and their distillation 
residues were homogeneous in the Oliensis test. When 
viewed under the microscope at 200 magnifications, 
samples 1 and 3 had clear fields both when undiluted 
and when diluted with 6 parts of carbon tetrachloride. 
Sample 2 showed a few carbonaceous particles unde! 
both conditions. The two cracked products, samples 
4 and 5, and the blend, sample 6, had the highest spe- 
cific gravities, were heterogeneous in the Oliensis test, 
and all contained a number of carbonaceous flecks 
when viewed microscopically. 

Photographs of the Oliensis stains are given in figure 
1, and photomicrographs of samples 2, 4, 5, and 6 are 
shown in figure 2. 

All of the products except sample 5 were almost com- 
pletely soluble in carbon disulphide, and sample 5 had 
less than 0.5 percent of insoluble matter. However, 
when carbon tetrachloride was used as the solvent, th 
solubilities of samples 4 and 5 were considerably de- 
creased, showing the presence of carbenes in these two 
cracked materials. The percentage of material in- 
soluble in 86° B. naphtha ranged from a maximum of 
18.3 for sample 1 (the Mexican base material), to a 
minimum of 3.0 for sample 2 (the midcontinent residual). 
The two cracking coil residuals both contained less 
material insoluble in naphtha than did the 
reduced Mexican residual. 


steam- 


BLENDED MATERIAL SHOWN TO BE UNSATISFACTORY IN 
ASPHALTIC RESIDUE TEST 


The distillation curves shown in figure 3 illustrate the 
wide range in volatile matter present in samples 1, 
and 5. Since gas oil was used as the diluent to reduce 


the viscosity of the base materials of samples 1 and 5 
to spec ‘ification limits, the high distillation losses un- 
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th the requirements for the SC grade of lit d asphaltic matey 
i len 
Re ju 
ment f 
- S( 2a2I 
4 ( 
$42 ). 972 1,054 ( 000 
2 OK 29. iSO 27( $20 
-v 12 272 25¢ 235 oh 
lv 100 65 37 61 
2.3 .2 2 t 0.7 
9.4 0.2 18 ).2 l 
Negative Negative Nega Positive I ve I ve 
0. 18 0. 38 0.10 
). 09 4 v1 0.39 2. 24 
18 ) t 11.2 6.9 t 
0 ( 7 7.2 10.8 ] 
y 64.5 74.4 1.6 
l 
9 ) 0 15. 0 
22. 8 0 12 
4.7 2 0 1.6 41.7 
2f 2 4.8 4.6 17 
4 i v Ss p 
0. 19 0.4 0.10 
9 y 5 0. 46 1. 61 0. O07 
luring the pouri 1 cooling of the residue 


doubtedly resulted from the use of this cutting mediu 
by the producer. As indicated by the total loss DV 
weight in the distillation test, which includes the 
on cooling and pouring, sample 1 had the greatest 
amount of volatile constituents. Although no distillat 
was actually recovered from samples 2, 4, and 6, the 
distillation loss or loss on pouring and cooling of th 
residue to room te Bas rature served to classify sample 
2 as the least volatile material. 

When the consistency of the distillation residue is 
considered in connection with the amount of volatil 
matter, the great difference in the hardening properties 
of these products is evident. The low amounts of v 
tile matter contained in samples 2, 4, and 6 edie ate 
that they would be extremely slow hardening. Samp 
3, although having a relatively high distillation 
developed a residue with the same float-test consistency 

2. Samples 1 and 5 both had high pel 


LOss 


(ss 


as sample 2. 
ages of distillation loss and the high float-test values 
their distillation residues indicated that they wer 
most rapid hardening of the six materials. 

The results of the volatilization tests on 20- ar 
gram samples (table 2) show in the same manner that 
sample 1 had the most volatile matter and was the most 
rapid hardening. Samples 2, 4, and 6 had the leas! 
volatile matter and were indicated by the test results 
to be the slowest-hardening materials. Altho 
the distillation test sample 5 lost more than samp! 
in the volatilization test sample 3 lost more than 
5. However, in both tests sample 5 produc ed a slight! 
more viscous residue as measured by the float t 

A comparison of the solubilities of the residues fro! 
the distillation and volatilization 
except for the solubility in 86° 


tests showe: 
B. naphths 1 of sa 1e 


the residues from volatilization were less soluble 
carbon disulphide, carbon tetrachloride, and naphths 
than were the residues from distillation, although 


every case the samples lost more in the distillation tes! 


The results of the solubility tests indicate that ti 
volatilization test caused greater inherent alteration 
than did the distillation test. 

The results of the asphaltic residue test are en I 
table 3. One residue was obtained by evaporating # 
materials at a temperature of 480° to 500° F » col 















































July 1937 PUBLIC ROADS 87 
ORIGINAL DISTILLATION RESIDUE ORIGINAL DISTILLATION RESIDUE 
SAMPLE 
SAMPLE 
SAMPLE 5 E 6 
URE |] APPEARANCES OF OLIENSIS Spots OF ORIGINAL MATERIALS AND THEIR DISTILLATION RESIDUES. 
PaBLe 2.-—Resul latilization attempt was made to reduce the sample at the lower 
. temperature 100 120° F.) it separated into two parts, 
2 one soft and greasy, the other hard and granular. 
These could not be refluxed and reduction to a satis- 
-tF pea Bre ae a factorv residue was impossible. 
I 20 g percent 19.4; 0.2!) 10.7) 1.8) 9.2 
1 :~ elelatcisanetghamait ee 12 97 9 rEST RESULTS SHOW NON-ASPHALTIC CHARACTER OF SAMPLE 2 
( ible CS: percent 0.21 0.94 
— rare eee  ° . . Of the other materials, sample 5 was most rapidly 
" percent..| 33.7 » 84 reduced to the desired penetration, followed closely by 
- | sample 1; samples 4 and 3 were next; and sample 2 
ur perature of the standard test method. The | took an exceedingly long time to be reduced. At the 
othe sidue was obtained by evaporating at a tem- | lower temperature the time of reduction for all samples 
per: of 400° to 420° F. Although sample 6 lost but | was appreciably increased, and the percentage of 
hitth the distillation and volatilization tests, the residue obtained was in every case greater than that 
resi btained were smooth and of even texture and | obtained under the standard test. The increase in 
there e no indications that the blend would become percentage of residue ranged from 2.3 percent for 
Inc ible. However, when sample 6; Was evapor- sample 1 to 11.5 percent for sample 2 with an average 
ated temperature of 480° to 500° F. to a penetra- | increase for the five samples of 5.2 percent. : 
Hon 0, the residue became granular in texture and Under both temperatures of reduction samples 1, 3, 
Bray ack in color, and when tested had a high | 4, and 5 produced residues having high ductility at 
soltel point and very little ductility. 77° F., and both residues of sample 1 had good ductility 
Tti interest to note that sample 6, a combination | at 34°-35° F. The residues of samples 3 and 5 obtained 
or 5 ‘nt of sample 2 which had an asphaltic residue | at the higher test temperature had no ductility at 
ol 72 ‘cent and 50 percent of sample 4 which had | 34°-35° F. The residue of sample 3 obtained at the 
- “g. tic residue of 64.5 percent, had only 54.6 per- | lower temperature had a ductility of 5.5 centimeters 
cent . 


phaltic residue of 100 penetration. When an 


at 34°-35° F. and the residue of sample 5, although it 
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FicurE 3.—DIstTiILLATION CURVES OF SAMPLES 1, 3, AND 5. 


did not pull to a thread, had a ductility of 3.0 centi- 
meters. Both residues of sample 4 had no ductility 
at 34°-35° F. 

Both of the asphaltic residues of samples 2 had low 
ductility at 77° 
their original ductility when tested at 34°-35° F. The 
high penetrations obtained on the residues of this sample 
at 32° F., together with their high softening points, 
indicate that these residues were the least susceptible 
to temperature change. The residues were greasy, 
however, and appeared much harder than the penetra- 
tion test indicated. The character of the asphaltic 


F. but retained a high percentage of 


UTED ASPHALTI 


MATERIALS. 


MaGniriep 115 DiaMet 
residues, the long time of reduction to the des 
penetration, together with the low amount of materi 
insoluble in naphtha in the original material, show 
the base petroleum was essentially a paraffin-base « 
Although viscosity limits in specifications for 
bituminous materials only insure the use of product 
of comparable workability and initial consistence) 
viscosity tests made at various temperatures are 


Atle 


value in classifying various types of material meeting 


the same specification, Viscosity tests madi 
various temperatures also can be used to distinguls! 
different types of material according to their suscept- 
bility to temperature change. Accordingly, the | 
viscosities of the six samples under investigation we! 
determined at 104°, 122°, 140°, 158°, and 180° | 

When the resulting viscosities are plotted agains! 
the temperature on logarithmic scales (fig. 4) the point 
for each sample fall generally along a straight line. Th 
equation of this line is log V=—a log t+K, where | 
is the Furol viscosity in seconds, t is the tempera’ ire ! 
degrees Fahrenheit, —a is the slope of the curys, 
K is the Y intercept. According to this equation A} 
also the logarithm of the viscosity at 1° KF Th 
coefficient —a may be used as a susceptibility ‘acto! 
the greater the numerical value of —a the greate: 1s tt 
susceptibility of the material. Applying this ‘acto! 
it is seen that sample 4 was the most suscep ible | 
changes in temperature, followed in order by ~ ump! 
6, 3, 5, 2, and 1. 

The float-test consistency of these materials : 
mined at 77° F. is of interest in demonstrating lie Ww 
usual character of sample 2. A study of a large 
of asphaltic, semiasphaltic, and cracking-coil 
of the same consistency as the six materials us 


| study showed that for materials of the same \ s¢0s!l) 


at 122° F. cracking-coil products, because 


ereater susceptibility to temperature change 
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were placed in thee ‘Xposure boxes on June 6, 1934. One 


set was removed and tested at the end of 5 weeks, 
another at 10 weeks, and the third at 15 weeks. The 
losses of volatile matter were determined by weighing 
the samples at the end of 2, 12, 35, 70, and 105 days 
During the exposure period hourly temperature 
readings were made daily from 9 a.m. to4 p.m. The 
man in daily temperature within the boxes varied 
rom S5> to 185° F. with an average daily maximum of 
145 The maximum temperatures occurred on days 
wit] maximum possible sunshine. On cloudy days 
ther s little difference between the temperature in- 
sid outside the boxes. United States Weather 
Bures\: reports showed that the samples exposed for 5, 
10, > weeks were subjected to 368, 663, and 904 
how sunlight, respectively. The appearances of 
the es exposed -inch films, after 15 weeks ot 


expe are shown in figure 5. The results of tests 
ont sidues are given in table 
| sidues shown in figure 5 are briefly described 


il: Rough, dull center, brown streak when 
i, some glossy material around edges in cracks 
SF 2: Smooth, glossy, greasy, slightly mottled 


ni Smooth, glossy, sticky. 
Sa t: Smooth, glossy, slightly sticky. 
So ghth 


>: Rough surface, raised portions dull, de- 
press slightly glossy. 
Sa b: Gener: uly glossy, rough; cracks filled with 


soft 1 ial which was fluid and greasy. 

_ Alt! h not indicated in the table because of varia- 
lions In the losses by individual specimens of the same 
sample, each individual specimen, with the exception of 
those "a ample 2 which gained weight throughout the 
test, lost weight progressively as the time of exposure 


nereased. The table shows that the greatest losses 


. ) 
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TABLE 3. Results of asphaltic residue tests 
Samples reduced at 4% W)° | Samples reduced at 400°-420° F.! 
2 3 { l 2 3 4 5 
| aoe 
Time of reduction minutes. -| 39 600 &3 ‘ 00 275 1, 600 100 100) 200 
Residu percent..} 67.1 72. 1 62. 6 64 i4 $f 69.4 83.6 66. 7 69. 3 78.0 
Test n residue 
Penetration at 77° F., 100 grams, 5 second a, 86 } oY 110 109 104 100 104 83 | 106 
Penetration at 32° F., 200 grams, 60 seconds es 32 | 59 1s 21 27 } 55 23 19 23 
Softening point k 122 12¢ 109 106 } 12 139 111 111 111 
uctility at 77° F . centimeters oO) 1] 110+ 0+ ; 04 4.5 1104 1104 110+ 
Ductility at 34-35° F centimeters § 3. 3 0 ( 6.5 2.5 6.5 0 23.0 
Organic matter insoluble in CS3 percent 0). 24 42 0.10 0.81 
I matter insoluble in CCl, percent..} 0.10 0.14 0. 04 1. 33 d } 0. 09 0.1 0.09 1. 94 2. 56 
atter insoluble in 86° B. naphtha percent 28. 4 22. § 15. 3 5 : 28. 7 25. 0 18.3 37.3 25. € 
Sample 6 separated into ? parts which could not be ref! ¢ 
higher float values when tested at 77° F. The high 
float of sample 2 when tested at 77° F. is, however, 
typical of results on nonasphaltic residuals of compara- 6 
: aoe A =-4.479LOGE +11.848 
ble VISCOSITV. . 646 
. a\ 4.756 t +12.378 
8 -5.384L0G t 3.723 
MATERIALS EXPOSED IN VARIOUS FILM THICKNESSES FOR VARIOUS \\ e : ag ‘ = " 
PERIODS \ V 6.1\69LOGE +15.312 | 
M = 90 t +12.644 
| . ° . : \ A V =-5.446LOGE +13.8 
In exposing the materials to the action of sunlight, en 
heat, and air, the test procedure followed that used \ 
in previous Investigations by the Bureau. In _ this NS 
study, however, the materials were exposed not only in \ | 
. “ ‘ : ° : ~ ; 
lavers ‘.-Ineh thick but also in Me- and ‘4o-ineh lavers \ 
ry . _ X 
Three samples ol each thickness were prepared ol each ho | 
material Each sample, containing 50 cubic centi- 7 
meters of material, was placed in a seamless, flat-bot- YW 7" 
tom aluminum pan % inch deep and of sufficient dia- % ae 
meter to give the desired film thickness. The samples a “e 
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FIGURE 4 RELATION B WEEN FurRo. Viscosity AND TEM- 
RI I VARIOUS SAMPLES. 


occurred in the thinnest films. The order of the losses 
at the end of 15 weeks is in substantial agreement with 
the order of the losses in the distillation and volatiliza- 
tion tests. 

In figure 6 the losses at various periods of exposure 
are plotted for samples 1, 3,4, and 5. The losses at 2. 
12, and 35 days are the averages for the three specimens 
of each sample originally exposed. The losses at 70 
days are the averages for the materials tested at the 
end of 10 and 15 weeks, while the losses at 105 days are 
the losses for the specimens of each sample tested at 
the end of 15 weeks. This accounts for the fact that 
the \-inch film of sample 3 appeared to have lost more 
in 10 weeks than in 15 weeks. 

Sample 1 not only lost more than the other samples 
but lost at a faster rate. In 12 days sample 1 had lost, 
depending upon the film thic kness, from 75 to.79 per- 
cent of its total loss in 15 weeks. In the same time 
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FiGuRE 5.—APPEARANCES OF SURFACES OF THE !,-IN¢ 
sample 5 had lost from 45 to 72 percent of its total loss 
sample 3 lost from 43 to 56 percent; and sample 4 lost 
from 14 to 30 percent. In 35 days sample 1 had lost 
from 90 to 97 percent of its total loss; sample 5 lost from 
89 to 91 percent; sample 3 lost from 80 to 86 percent; 
and sample 4 lost from 49 to 61 percent. 

These comparisons show that, although the volatili- 
zation test gave an indication of the comparative 
volatility upon exposure, the distillation test gave a 
better idea of the probable rate of volatilitv. The 
effect of the gas oil used by the producer for reducing 
the base materials of samples 1 and 5 to the desired 
consistency was shown by the greater rate of volatility 
of these two materials under both laboratory and ex- 
posure conditions. 


MATERIALS EXPOSED IN THINNEST FILMS MOST HIGHLY ALTERED 


Within a week after the start of exposure, sample 6, 
separated into two parts, one soft and greasy, the othe: 
hard and granular. These two components could not 
be fluxed together and the tests on the residues were 
made after the samples had been mixed to as uniform 
a condition as possible. It will be noted that neithe: 
the distillation nor the volatilization tests gave any 
indication that this blend might prove to be an incom- 
patible mixture. The granular residue obtained from 
the asphaltic residue test made at the standard temper- 
ature was indicative of some instability, and the 
behavior of the material in the asphaltic residue test, 
run at a temperature of 400°-420° F., was further 
evidence that this material might prove to be a non- 
cohesive and unsatisfactory product. 

Table 4 shows that the thinner films at any exposure 
period had the harder residues. Excluding sample 6 
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sample 2 was the slowest-hardening material. 
15 weeks the specimen of sample 2 exposed in 


one thirty-second inch thick had hardened to a1 
having a penetration of 211. This residue wa 


gTeasy and unlike a normal asphaltic material of s 


consistency. It had a float value greater than 
seconds at 122° F., a high softening point for n 
of this penetration, and very little ductility at 
All other exposure residues of sample 2 had penet: 
over 300 and were also greasy. 

The remaining 4 materials (samples 1, 3, 4 
had hardened to a much greater extent. Whene 
in -inch films, sample 1 was the hardest after « 
the three test periods, followed by samples 5, 3 
When exposed in \s-inch films, sample 1 was t! 
est after each of the test periods, and at the « 
and 10 weeks samples 5, and 4 followed 
order. However, after the last 5-week period s 
had increased in hardness until it was second to 
1, followed by samples 5 and 3. When expo 
‘4e-Inch film sample 5 was the hardest at the « 
weeks, followed in order by samples 1, 4, an 
the end of 10 weeks sample 1 was the hardest, 
by samples 4, 5, and 3, and at the end of 
sample 4 was the hardest, followed by sampl 
5 with the same penetration, and sample 3 
softest, excluding samples 2 and 6. 

For the thicker films and short periods of 
the hardness of the residues was roughly pro 
to the loss in weight. In the thinner films 
longer periods of exposure, the character of the 
apparently influenced the hardening of the 
residues and the cracked materials, samples 
ultimately became the hardest. 
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TABLE 4.- Results of tests on thin films of liquid asphalt exposed under glass 
Time of exposure 5 weeks (368 hours of sunlight) 10 weeks (663 hours of sunlight 15 weeks (904 hours of sunlight) 
Sample no. . ] 2 3 4 5 6! l 2 { 2 3 a 5 6! 
Sample exposed in !-inch film 
L088... .2--22---e<e- = percent 22.4 |—1.0 |11.3 1.6 13.1 0.1 23.9 —1.1 15 2.8 2 —0.9 13.8 | 4.1 15. 0 0.6 
Float at 122° F._..... seconds_-|_.___ 50 | 95 5 eee 49 z 7 2 100 cees 82 et ae Eee 71 
Penetration at 77° F., 100 grams, 5 seconds. . | 59 4 140 8 17 60 |; eee 205 | 147 | ee 
Softening point.__....--- ~<a) 1 91 77 67 i ee 167 } 10 8 4 163 90 99 | 104 _ if ee 
Ductility at 77° F_- centimeters >? eee eee ee 8.8 soit See 2.8 3 ares Fee 110+-| 3.5 |..--... 
Organic matter insoluble in CS2-_ ... percent 0. 21 ‘ 0.83 | 0.92 | 0.35 | 0. 4¢ 1.8 1.48 | 0.58 | 0.66 14 0. 11 |2. 87 1.89 | 1.48 
Organic matter insoluble in CCh__.-..- oe... of Sees a 2.54 | 4.49 | 1.70 | 0.53 ) ¢ 5. 2 0. 75 0. 07 0.13 6.2 6.45 | 5.09 
Organic matter insoluble in 86° B. naphtha } 
percent../ 25.0] 8.8 {17.8 | 21.0 | 28.4 | 16.1 37.0] 11.0 24 24.4 | 32 39.0] 128 | 23.5 27.8 | 33.0 | 25.2 
Sample exposed in }46-inch film: 
LOMB... oc cece csccccccescccccesccccccoccns do...) 23.1 |—1.1 |14.9 2.4 | 15.€ 0.8 | 24.3 | —1.3 4 16. 8 7 | 25.8 | —1.3 17.7 | &7 6.8 1.1 
Float at 122° F.................. seconds..|_ | 741 230 156°1...-. | 112 a “7? ip Ce ise : 136 
Penetration at 77° F., 100 grams, 5 seconds. -. OF fonnnes 192 ee A . je f 18 500) 41 24 | aes 
RE IIE cchacwicvmeneacnsamueian “ 90 | 100 | 87 170 tocae 190 98 2 2 215 296 114 132 | 149 ot a 
oe eS ie re centimeters..| 5.0 |...-. 110+-|...... eg Rete 2.6 |. ot 6.0 is 2.0 : Pas: 1:20:39 1-.<-.., 
Organic matter insolube in C83. __.-percent | ee Sere 2.20 | 1.96 | 1.038 | 0.87 ; 4.32 | 2.85 | 2. 42 0. 32 0.22 |6. 51 5.31 | 5.13 
Organic matter insoluble in CC1ly_.....do Yh Ce: ee §.80 | 7.19 | 2.87 | 0.89 13 | 9.08 | 9.40] 5 1.67 | 0.39 | 0.26 |12.62 /11.43 | 8.84 
Organic matter insoluble in 86° B. naphtha 
percent 37.8 | 11.8 |23.1 5.3 | 34.0 | 22.9 | 38.7 16. ( 31 f & ] 19 32.2 34.7 41.0 5 
Sample exposed in 443-inch film: 
Loss = aia apislatiava tae Becesnacepaaan ail do 23.6 |—1.4 |16.5 4.6 | 16.8 1.3 | 25.5 1.3 8.6 7.8 26 1.4 20.1 | 7.9 g,4 1.5 
Float at 122° F. ; seconds..|......} 134 |. [aon Ree . 200+ ..| 1, 2004 ee 1, 200+ 
Penetration at 77° F., 100 grams, 5 seconds-- -} Soe 76 &7 29 10 300-¢ 2f 8 ) 21 15 ) 300+ 
Softening point REN SS °F_.| 188] 102] 120 12 205 Seaccnaeee 126 14 226 247 131 175 | 202 tt er 
Ductility at 77° F........ centimeters..| 3.5 55 11/103 seach aoe 4 0 ( 2 0 21.0 ( | ees 
Organic matter insoluble in CS2_..-percent__} 0.52 | 0.17 (0.12 | 4.87 | 4.51 | 2.98 | 1.88 a. 8 } 2. 88 1. 65 1.21 {12.77 [11.44 |12. 52 
Organic matter insoluble in CCh_. do 0.62 | 0.18 }0.20 | 9.04 |10.84 | 7.90 | 1.98 0.74 5. 5€ 7.14 (14.65 | 3.22 2 1.40 |20 8.00 16.42 
Organic matter insoluble in 86° B. naphtha | j 
percent..| 41.3 | 15.8 |27.9 | 30.4 | 40,3 44.7 22. 7 i 7 2 | 43 27 9.4 43. 5 14.9 
Sample seperated into 2 parts which could not be refluxed ma! te 
All of these extremely hard residues had little if any 
ductility. All of the final residues had high percentages 
of material insoluble in 86° B. naphtha and had, espe- 
clally in the case of the cracked products, including eer 
. ® » . . . i amek hi P _—< 
sample 6, large amounts of material insoluble in carbon — 
disulphide and carbon tetrachloride. The percentage 8 7 eee 
of insoluble material was greatest in the residues of the b 
thinnest films, indicating that greater internal altera- ; 
tions had taken place in these samples. ik i? 
The percentages of material insoluble in 86° B. : eo 
OM . » . = T —+— 
naphtha in the residues after exposure are plotted in o ee a! 
igure 7. As the volatile constituents of the liquid } aie. 
asphalts evaporated, the material soluble in naphtha S nee SCR 
was concentrated in the residues. Assuming no change ; 3 3 
except that resulting from loss of volatile matter, the 
theoretical percentages of material insoluble in naphtha Ik 
that should be present in the different residues are shown 
In figure 7. Only in the case of samples 1 and 5 was ’ 
there an appreciable theoretical increase in insoluble p's 
mat il caused solely by loss of volatile matter and the 5 iy A ' ee 
resulting concentration. = | aa ae © 
lhe curves show that all of the residues from exposure pal ” oo 
contained considerably more than the calcuated amount a 
oO! material nsoluble in 86° B.naphtha. The percentage & 
ol material insoluble in naphtha actually present in the 75 00 5 
resk of the '%o-inch films after 15 weeks was twice ' PERIOD - DAYS 
the « ilated percentage for sample 1 and 8.7 times the 
ew : ' x FILMS <5 INCH THiC+ 
7 ed percentage for sample 6. . . 
: ED IN FILMS 7 INCH THICr 
MODIFIED OLIENSIS SPOT TEST USED IN STUDYING EXPOSURE : FILMS © INCH THICK 
RESIDUES FIGURE 6.— RATE OF Loss By ASPHALTIC MATERIALS Exposep 
0 [HIN Fins. 
nel unple of each material was also exposed in a '- 

Ty in the open air adjacent to the circular track. | than those from distillation. Sample 1 lost the most 
r lese samples were tested at the end of 15 weeks and | and became the hardest. While samples 3 and 5 lost 
le results are civen in ¢¢ ~ : b hans ite | ¢ ' — - : 

ts are given in table 5. Sample 6 became quite | about equal amounts, sample 5 evidenced the greater 


fTanular 
incompa 
in t] 
considerably 


i© exposure-box tests. 


distill at ion 


in texture and greasy in appearance, but the 
tibility of the blend was not as pronounced as 
All of the materials had 
less loss in weight than occurred in the 
test and developed residues much harder 


hardening properties. 

That the asphaltic residue test cannot be used to 
estimate the amount of 100 penetration asphalt a liquid 
asphalt will ultimately develop under certain conditions 
is illustrated by the behavior of sample 1. In the 
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FiGURE 7.—PERCENTAGES OF MATERIAL INSOLUBLE IN 86° B 
NAPHTHA IN THE RESIDUES AFTER VARIOUS PERIODS OF 
EXPOSURE. 


asphaltic residue test this sample lost 32.9 percent and 
in the open-air exposure the loss was only 19.7 percent, 
yet the two residues had comparable consistencies as 
measured by the penetration test. The results indicate 
that 15 weeks of exposure in the open air was slightly 
less severe than 5 weeks of exposure in the glass-covered 
boxes. 

In a previous study of liquid asphalts, it was found 
that all of the materials that were originally homoge- 
neous became heterogeneous after 5 weeks of exposure 
under conditions similar to those existing in the expo- 
sure tests in glass-covered boxes described in this report 
The heterogeneity apparently increased, but the spot 
test made in accordance with the original description 
of the Oliensis method * permitted only a rough approxi- 
mation to be made of the degree of heterogeneity and 
rate of increase in the residues exposed. 

At the 1936 meeting of the American Society for 
Testing Materials, Oliensis ° described a modification of 
his method that permits the degree of heterogeneity to 
be determined quantitatively. When an asphaltic ma- 


‘A Qualitative Test for Determining the Degree of Heterogeneity of Asphalts, by 
G. L, Oliensis. Proceedings of the American Society for Testing Materials, 1933. 

$A Further Study of the Heterogeneity of Asphalts—A Quantitative Method 
Proceedings of the American Society for Testing Materials, 1936. Also see The 
Oliensis Spot Test Improved, by R. H. Lewis and J. Y. Welborn. Pusu 
RoaDs, vol. 18, no. 3, May 1937. 


| TABLE 5 





Vol. 18, N 


Results of tests on \s-inch films of liquid asphalt expo: 
in open for 15 weeks 





week percent...) 19.7 ee 0.1 10.6 
122° F seconds._|1, 312 i) 75 50; 343 
at 77° I 0 gran 5 seconds 108 -- --| +300 
poin : k 123) _. : 124 

Ductility at 77° F centimenters.. 25)... ms 
Organic matter insoluble ( . percent 0.48) 0.21 0.17) 0.77) 0.89 
Organic matter insolut inCCl, percent 0.47) 0.17) 0.14! 2.23) 3.92 

Organic matter insoluble in 86° B. naphtha 
percent 33.0; 8.1) 16.1) 19.8) 27.4 
Material granu 1 iniform in texture 


terial gives a positive stain after dispersion in the stand- 
ard 50° B. naphtha, the material may be considered as 
heterogeneous. If xylene is added to the naphtha in 
increasing amounts and the asphaltic material is dis- 
persed in the same volume of the blended solvent as of 
the naphtha, a concentration may be reached that wil 
produce a negative stain. The degree of heterogen It\ 
may then be expressed by the percentage of xylene that 
must be added to the standard naphtha in order t 
produce a negative stain. This percentage is called th 
xylene equivalent 

In practice the laborious task of determining 
exact percentage of xylene at which the change fro: 
positive to negative occurs Is not justified, and, therefor 
the xylene equivalent is generallly expressed by limiting 
percentages. Thus, a xylene equivalent of 50-5) 
means that with 50 percent xvlene the material gay 
positive stain, and with 55 percent xvlene a negativ 
stain was obtained Ifa positive spot is obtained wit! 
xvlene alone, the degree of heterogeneity is not det 
minable with this solvent. 


XYLENE EQUIVALENT INCREASED AS EXPOSURE 
AND AS FILM 


TIME INCREASED 
rHICKNESS DECREASED 


As previously stated, samples 1, 2, and 3 originally 
and after distillation gave negative stains when dlis- 
persed in 50° B. naphtha. Samples 4, 5, and 6 gav 
positive stains not only with the standard solvent but 
also with 100 percent xylene. These three materials 
were, therefore, outside the scope of the quantit 
test for heterogeneity. 

Samples 1, 2, and 3, when exposed under glass fo! 
5, 10, and 15 weeks and in the open air for 15 weeks 
produced residues which gave positive stains wit 
standard naphtha. The xvlene equivalents « 
residues from the exposures under glass are gi 
table 6. 

It is seen that the xvlene equivalent at the 
each test period increased as the film thickness decrease 
For each film thickness, except the '4- and \¢-inch filins 0! 
sample 1, the xylene equivalent increased as the tim 
of exposure The reason for the slight! 
lower xylene equivalents obtained on the 1! 
residues of the '4- and ‘{.-inch films of samp! 
compared to those obtained on the 5-week residues | 
the same film thickness, cannot be explained. 

[If the solubilities of the residues that produce 
xylene-insoluble spots are compared with the solubilities 


1 


of the %o-inch film of sample 2 after 15 weeks of exposu! 


increased. 


(table 4), it is seen that this residue of sample 2 had: 
larger percentage of material insoluble in car!}on 
sulphide than two of the residues reacting positive ! 
100 percent xylene and more material insoluble ! 
carbon tetrachloride than three of the residues wh0* 
heterogeneity was not determinable by this method 
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TABLE 6 Xylene equivalents of residues of homogeneous materials 
y 7 L y q 
exposed u nile r glass 


| Xylene equivalents after exposure 


for 
Film 
Sample no thickness 
5 weeks 10 weeks 15 week 
Inch 
| 8 4-8 0-2 s 
6 8-12 1-5 
12-16 
| O-2 16-20 
) 28-32 16-40 6-4 
3 AS8-52 60-64 68-72 
. 24-25 2-3 4 
H-40 44-48 is 
{8-52 64-68 


The residue of sample 2, however, had a xylene equiva- 
lent of 68-72. Ev idently there are essential differences 
in the character of the carbenes and free carbon in 
these residues that have a direct bearing on their ready 
dispersion in either 100 percent xvlene or the naphtha- 
xviene blend. 

The SC-2 type of liquid asphaltic material, when used 
n the construction of oil-processed roads, is generally 
mixed with aggregate graded in size from 1 inch maxi- 
mum to dust. Fine aggregate mixtures, however, were 
used in this investigation because greater uniformity in 
the composition of the mixed surfaces could be obtained 
In the relatively small test sections, and the fine-graded 
aggregate is more suitable for the preparation of both 
Hubbard-Field stability and toughness specimens 

Preliminary tests were made on an indoor circular 
track with mixtures containing various proportions of 
Potomac River sand, limestone dust, and the California 


residual, sample 3. A mixture containing 85 percent of 
sand and 15 percent of dust, by weight, was used 
This aggregate, when separated on standard sieves, had 


the lollowing grading: 


Ps 10, retained on no. 20 10. 2 
Pa 20, retained on no. 30 14] 
Pa 30, retained on no. 40 2. 9 
Passing 10, retained on no. 50 ”~) 4 
Pas 50, retained on no. 80 15.0 
Pa no. SO, retained on no. 100 1.8 
Pas 100, retained on no. 200 2 § 
Pas 200 15. 0 

| iggregate, when combined with 7.5 percent of 
o1l xtuced a mixture having sufficient stability to 
Withstand considerable traffic without undue displace- 
00 This percentage by weight of asphaltic material 
— il to 18.3 percent by volume and this percentage 
DV ime was used in all mixtures. Because of the 
dati es in the specific gravities of the bituminous 
mart s, the percentage of oil by weight of the mixture 
va rom 7.3 for sample 2 to 8.1 for sample 5. In 
aout the void-filling capacity and film thickness of 
th itic materials were held constant for all of the 
mi 

. ‘nt amounts of each mixture were made to 
— t the track sections and provide excess material 
lor bard-Field stability and toughness cylinders 
Ack ial cylinders 2% inches high and 2 inches in 
diameter were also prepared and stored in forms, their 


upper surfaces being exposed in the immediate vicinity 


ol the track to the same climatic conditions as the track 
et 's. These cylinders were used to replace cores 
taken trom the track surfaces during the course of the 


expe! nent. 


TaBLeE 7.—Results of tests on Hubbard-Field cylinders 


ati Stability at 77° F. of sample no 
Age when : . 
tested - 
week 

9 4 ) 6 

I . I I Lt I Lb Lb Lb 
79 325 400 425 350 

AGED I OVEN AT 140° I 
} 1,0 42 525 525 775 | 425 
{ } 42 350 550 500 900 500 
r . Q5K 525 750 625 | 1,025 525 
S25 475 775 625 | 1,150 525 
g { { 1) 525 875 750 | 1,250 550 
1G ) EXPOSURE BOXES 
g 7 4 89 425 500 450 850 475 
500 900 750 1, 525 700 
2 575 0) R75 1,850 725 
625 1,600 | 1,200 | 2,150 | 1,050 
800 2,200 1,725 | 2,650 | 1,325 
- on 600 | 2,600 | 1, 100 
\ I EXPOSURE BOXES 

{7 0 450 650 42 
" 150 450 775 150 
s 47 42 425 775 450 
) 7 0) 42 900 500 
AO 7 500 1, 100 fi 
TT 52 1, 100 575 

AG] ACENT TO TRACK 

100 17 650 400 
2 g 62 575 42 850 475 
. 600 AAO 1, 000 475 
S00 BT 1, 225 500 
g 100 72 1, 550 675 

f 100 67 1, 42 67 

AGED ERNATELY WET AND DRY 

é 700 1, 300 wt) 


CYLINDERS AGED IN GLASS-COVERED EXPOSURE BOXES HAD 
HIGHEST STABILITIES 


The stability cylinders were made in sets of three. 
Kach cylinder, containing about 100 grams of aggregate, 
was compacted at 77° F. under a load of 3,000 pounds 
per square inch. One set of cylinders of each sample 
Was immediately tested for stability at 77° F. Five 
sets were aged in an oven at 140° F., and one set of each 
was tested for stability at 77° F. at the end of 1, 2, 3s 4s 
and 5 weeks. Six sets of cylinders of each mixture 
were aged in glass-covered exposure boxes, six sets in 
canvas-covered exposure boxes, and six sets in the open 
air adjacent to the track. One set from each condition 
of exposure was tested at the end of 1, 3, 5, 10, 15, and 
20 weeks. 

All samples were weighed before and after aging 
and the loss in weight was expressed as the percentage of 
bitumen lost. One set of cylinders for each mixture 
was also aged out of doors near the track for 20 weeks 
in a large shallow pan. The cylinders were covered 
with water every night and exposed uncovered during 
the day after the removal of the water each morning. 
At the end of the test period the condition of the speci- 
mens was noted and each was tested for stability. 

The results of the Hubbard-Field stability test given 
in table 7 indicate that, although the cylinders of all the 
samples had about the same initial stability, the final 
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TABLE 8.— Results of tests on bitumen recovered from Hubbard-Field 


cylinders after aging 





Sample no. l 3 1 





Original asphaltic material dissolved in benzol 
and recovered: 









I 29; 187 35 55 48 f 
Organic matter insoluble in CC]. 0.06 0.04) 0.05) 0.20, 2. 06 0. lt 
Organic matter insol. in 86° B. 
percent 19. 1 iy 5.4; 12.0) 18.1 7.4 
Bitumen recovered from cylinders aged for 20 
weeks in glass-covered boxes: 
NS OLS 1, OS4 45 100 63 1, 200 
Penetration at 77° F., 100 grams, 5 seconds  =— : 245 
Organic matter insoluble in CCl. one 0. 24) 0.41) 0.14 1.82 0.46 0.8 
Organic matter insoluble in 86° B., naphtha 
te 30 7. ¢ 8. 6; 22.4) 25.8 1 
Bitumen recovered from cylinders aged for 20 
weeks alternately wet and dry: 
Float at 77° 683) 692 7 114 95) 2, 400 
Float at 122° Oo i 0 3] 6} 
Organic matter insoluble i | 0.20) 0.07, 0.14, 0.40 0. 22 0 
Organic matter insoluble in 86° B 
24 0 > 8 I 8) 21.8 





stabilities under any method of aging varied greatly. 
Cylinders of sample 1 had the highest ultimate stability 
and percentage of loss of bitumen, and those of sample 
5 had the next highest stability and percentage of loss. 
Cylinders of sample 3, although losing almost as much 
as the cylinders of sample 5, had only slightly higher 
stability than the cylinders of sample 4, which had a 
small loss of volatile matter under all methods of aging. 
Cylinders of samples 2 and 6 lost little and developed 
comparatively little stability. Cylinders of sample 6 
bad slightly greater stabilities than those of sample 2 

The final stabilities under each method of aging, 
plotted in figure 8, show that aging in the glass-covered 
exposure boxes gave the highest stability, and aging in 
the canvas-covered boxes generally gave the lowest 
stability. The stabilities obtained by aging in the oven 
at 140° F. for 5 weeks, by aging in the open air for 20 
weeks, and by aging ‘under alternately wet and dry 
conditions for 20 weeks, were all about the same ex- 
cept in the case of sample 3. The stabilities of the 
specimens of sample 3, exposed alternately wet and dry, 
were as low as those of the specimens exposed under 
canvas covers. 

The specimens exposed under alternately wet and 
dry conditions varied somewhat in behavior. The 
evlinders of sample 1 had some slight cracks and had 
swelled so that it was difficult to place them in the 
stability testing mold. Those of sample 2 had also 
swelled and half of the specimens had split in two 
horizontally. The cylinders of samples 3 and 4 had 
small blisters on top while those of samples 5 and 6 
remained in good condition. Although the outer 
surfaces of the specimens of the other five samples were 
dry and dull colored, those of sample 6 were always 
glossy-black and greasy, probably because of the 
tendency of this blend to separate into two parts and 
the subsequent movement of the oily fraction to the 
surface. This same behavior was also noted in the 
stability specimens exposed adjacent to the track. 

The behavior of the cylinders under these various 
conditions indicated that the hardening properties of 
sample 1, and to a lesser extent samples 3, 4, and 5, 
might vary considerably under various tempel rature and 
climatic conditions. Samples 2 and 6, because of 
their low volatility in the laboratory heat tests, would 
not be expected to show a great difference in behavior 
under such conditions as might normally occur in 
actual use. 

After the specimens that had been exposed for 20 
weeks in the glass-covered boxes and those exposed 


under alternately wet and dry conditions had been 
tested for stability, their bitumen was extracted with 


benzol, recovered by Abson’s method °, and tested 


] yy 


consistency and _ solubilitv. Some of the omrginal 


material was dissolved in benzol and recovered in 


same manner for comparative purposes. These result 


( 


are given in table 8. The high temperatures existing 
at times in the glass-covered exposure boxes developed 


residues in the eylinders which, when extracted, 
much harder than the distillation residues of the ong 
liquid asphalts and, in the case of samples 1 and 5, \ 
semisolid. 


The bitumen recovered from the eylinders expo 


under alternately wet and dry conditions was m 
harder than the original material although, except 


samples 4 and 6, it was softer than the distillatio 


residue. Comparisons of the percentages of mat: 
insoluble in 86° B. naphtha in the bitumen fron 
evlinders after alternately wet and dry exposure 


the percentages of insoluble matter in the distillat 


residues indicate that in some cases consider 
alterations occurred in the structure of the biti 
exposed under these conditions. 


RESULTS OF TESTS ON TOUGHNESS CYLINDERS INDICAT! 
VARIABLE CHARACTERISTICS OF THE MATERIALS 


The Page Impact test was used to obtain 
information on the behavior of these mixtures 
exposure. This test has been used in previous st! 
of bituminous mixtures in the Bureau laboratory 
in a report by Reeve and Lewis ‘, it was indicat: 
this test offered possibilitie sas a means for deter! 
in advance the relative service behavior of bitun 
concretes. 

The impact cylinders used in this investigatior 
sisted of six sets of three specimens each for ea 
ture. The evlinders, 1 inch in diameter and 
high, were prepared in the same manner as the Hul 
Field stability evlinders They were aged in the 
covered boxes and one set was tested at the 
1, 3,5, 10, 15, and 20 weeks of exposure. The t 
made at 77° F. using the Page impact machine eq 
with a 500-gram hammer and a 110-gram_ p 
instead of the 500-gram hammer and 1-kilogram p 
used in the work of Reeve and Lewis‘ and the 
gram hammer and 1-kilogram plunger normally 
testing rock. Even with these smaller weights s 
the specimens could not support the plunger 
impact value was reported as zero. 

The results of these tests, given in table 9, shi 
evlinders containing samples 2 and 6 develop: 
resistance to impact. Cylinders containing sa! 
and 3 developed maximum toughnesses of 13 
respectively. The cylinders containing samples 


first showed an increase in toughness, and then, «s | 


time of exposure increased, lost in toughness. 
weeks of exposure under glass the cylinders of s:!)} 
had the highest stability and the highest toughness 
The cylinders of sample 5, although having t 
one-half times greater stability than cylinders o! 


2, had the same resistance to impact. Alth: 
stabilities of the cylinders of samples 4 and 5 =)0w' 
no great change as the time of exposure increa-cd, 


gradual loss in toughness by the cylinders of s:imp¢ 


and the rather abrupt loss in resistance to 1 


6 Method and Apparatus for Recovery of Asphalt. 1933 Proceed 
Society for Tes ting Material 
’ T yughness of Bi tuminous Aggregates, Journal of Agriculture Re 
-August 191 
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TABLE 9.—-Results of impact tests on cylinders age d under glass 


sig drop ¢ lure fo 
Loss of bitumen by sample no Height of drop at failure for 


Age when sample no 
tested 
Ww eeks 
2 3 1 f l 2 1 


Pet.| Pct.| Pet.| Pct.| Pct.| Pct.| Cm | Cm| Cm) Cm) Cm | ( 


2 6 0 r 0 ) 0 0) 0 0 
2 1 l 1] 0 0 3 
2 ( 13 2 l i 
2 0 12 2 10 { 
2 ( l4 ; ? } { 
i 14 y 4 pi 5 y 4 


cylinders of sample 4 undoubtedly result from changes 
occurring in the residual binders. 

The Bureau’s circular track, shown in figure 9, was 
used for testing the materials under weathering and 
traffic. This track was briefly described in the January 
1934 issue of Pusiic Roaps. It consists essentially of 
an annular concrete trough 12 inches deep, 18 inches 
wide, and 12 feet in diameter at the center line. Two 
full-size automobile wheels, fixed to the two ends of a 
rigid structural member rotated in a horizontal plane 
by a vertical shaft at the center of the track, provided 
the traffic. The load on each tire was 800 pounds. <A 
hand-wheel adjustment made it possible to shift the 
path of the wheels to any position on the track surface. 
For compaction a speed of 4'; miles per hour was used, 
and for all subsequent applications of traffic a speed of 
6 miles per hour was used. 

The track was divided into 6 sections numbered 1 to 
6, corresponding to the samples of asphaltic material 
The surfaces were placed June 6, 1934, upon a sand- 
choked, trap-rock base on which a thin layer of sand- 
cement mortar had been placed to provide a smooth, 
somewhat porous base. The surfaces were compacted 
the following day by means of 1,000 wheel-trips of 
traffic distributed over the surface. At this time the 
surfaces of sections ro and 5 were well closed, smooth, 
and uniform in appearance. The surface of section 4, 
although slightly drier and more open, was also smooth 
and uniform in appearance. The surfaces of sections 
2 and 6 were smooth but somewhat nonuniform in color 
and had a greasy, noncohesive appearance. 


MIXTURES ON CIRCULAR TRACK REMAINED IN GOOD CONDITION 
DURING EXPOSURE TO WEATHER AND TRAFFIC 


sections were subjected to traffic only ] day each 


we when ? 000 wheel passages of traffic were applied, 
distributed over the surface. The track was covered 
at night and during inclement weather by a portable 
she Trafliec was applied weekly until October 1, 1934, 
When testing was suspended for the winter. During this 
period the maximum daily temperature in the surface 
muxtures ranged from 82° to 144° F. with an average 


dai naximum of 114° F. 

| ne very early stages of the test, section 1 de- 
‘loped quite a tough, well-bonded crust which gradu- 
ally increased in hardness. Surface cracking developed 


vel I 


IM this section during the sixth week after construction. 
On hot days some subsurface movement of the mixture 
could be detected under traffic. The condition of sec- 


Hon I, except for the cracks that developed, remained 
good throughout the test. 

lhe surface of section 2 was picked up by the tires 
during the first weekly application of traffic. This 
condition necessitated the use of canvas covers during 
the traffie runs up to and including the ninth week, 


POUNDS 
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FIGURE 8S FINAL STABILITIES OF HUBBARD-FIELD CYLINDERS 
AFTER Various Metuops or AGING. ALL CYLINDERS 
Trestep AFTER AGING FoR 20 WEEKS Except THOSE AGED 
IN OvEN WuicuH WERE TEstTED AFTER 5 WEEKS, 


after which time the surface did not pick up under 
traffic Slight cracking developed in the sixth week. 
Some raveling was noticeable until the twelfth week 
when virtually all raveling ceased, the surface remaining 
well cemented thereafter 

Section 3 raveled slightly during the first weekly 
application of traffic. After that no further raveling 
was noted except for one small area which raveled 
during the seventh weekly traffic run and healed during 
the eighth traffic run. Hair cracks developed during 
the fourth week. Considerable subsurface movement 
under traffic was noted from the twelfth week to the 
end of the summer but the general appearance of the 
section continued to be good. 

Section 4 remained in good condition throughout the 
summer. Hair cracks developed during the fifth week 
and were noticeable until the twelfth week when they 
became cemented and did not again develop. Section 
5 also maintained a good appearance although the 
cracks that developed during the fourth week remained 
unhealed to the end of the summer. 

Section 6 developed a surface similar to section 2 and 
canvas covers were used on it during traffic up to and 
including the ninth weekly traffic run. The surface 
was then slightly greasy and still raveled to some 
extent. This raveling continued with slight modera- 
tion until the end of the summer. 

As the appearance of the sections at the end of the 
summer of 1934 did not indicate that there had been 
any failures caused by weathering of the asphaltic 
binders, the surfaces were again exposed beginning on 
May 27, 1935, and again subjected to 2,000 wheel pas- 
sages weekly until September 27, 1935. During this 
period the maximum daily air temperature varied from 
64° to 98° F. with an average daily maximum of 86° F.; 
the maximum daily temperature of the mixtures one- 
half inch below the surface varied from 65° to 151° F. 
with an average daily maximum of 126° F.; and at 1% 
inches below the surface the maximum daily tempera- 
ture varied from 64° to 142° F. with an average daily 


| 


maximum of 117° F. 
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Since the surfaces had become fairly well bonded, the 
shed that had been used to protect the track at mght 
and on rainy days was removed on the first of July for 
the balance of the test. No noticeable changes occurred 
in the appearance of the surfaces from week to week 
and on September 27, 1935, after 70,000 wheel-passages, 
the appearance and condition of the surfaces were good, 
as shown in figure 10. 

The track sections shown in figure 10 are briefly 
described as follows: 

Section 1: Gray, hard, and well-bonded, with open 
alligator cracks; soft and yielding underneath. 

Section 2: Black and phable with a thin, easily 
broken surface skin having very indistinct cracks; soft 
and yielding underneath; asphalt seeped through the 
hard cracks slightly under traffic. 

Section 3: Grayish black, well-bonded and _ fairly 
tough with slight alligator cracks; soft and yielding 
underneath. 

Section 4: Grayish black, firm and well-bonded with 
almost indistinguishable hair cracks; firm underneath. 

Section 5: Grayish black, firm and well-bonded with 
indistinct hair cracks; a black hairline of asphalt along 
each crack showed a tendency to heal by seepage and 
hardening of the asphalt. 

Section 6: Black and greasy; firm with no cracks but 
not well cemented; surface raveled if broken slightly; 
firm underneath. 


TRAFFIC ON ALTERNATELY WET AND DRY TRACK CAUSED FAILURE 


OF CERTAIN MIXTURES 


As the asphaltic materials had shown considerable 
variations in characteristics and behavior, as measured 


CK USED IN THE WEATHERING TESTS 


by the results of other tests and the track sections con- 
taining them had shown no great variations in hel 
under the traffic test, it was decided to change the 
character of the traffic test. After making permeathi 101 
tests, which indicated that all of the surfaces wer 
impervious to water, traffic was applied in increments 
6,000 wheel passages daily. The surfaces of the sec- 
tions were sprinkled with water 1 day during the | 
of traffic application; the following day traffic w 
plied with the surface ary Thus the track was 
nately wet 1 day and dry the next during the appli 
of traffic 

No changes were noted in the condition of the s 
until the third application of traffic on the wet tra 
when sections 2 and 6 began to ravel, section 2 r: eling 
the most. This ravelnge diminished considera! 
following day when the track was dry. The a 
material seemed to have been stripped from the san 
particles on the surface. Section 3 started to ravel 
the fourth application of traific on the wet tra 
although the sand displaced from the surface of ecuol 
3 appeared to carry more oil than that throw: 
surfaces of sections 2 and 6. Sections 1, 2, 3, and 
under continued traffic, tended to shove and p ovel 
the curb. This behavior was least pronounced «on set- 
tion 1. After the fourth application of traffic on 
alternately wet and dry track, sections 2 anc 6 ha 
both raveled so extensively that the test was <liscol- 
tinued although sections 4 and 5 had still shown 2 
tendency to displace or ravel. Tests showed ‘hat ®! 
of the sections were still impermeable to wat he 
appearance of the surface of each section is sow? ! 
figure 11. 









1or 


hi 





‘hie 








higure 10 APPEARANCES OF THE TRACK SECTIONS AFTER 


From time to time 2-inch evlinders the full depth of 
the surfaces were cored from the track sections and the 
ipper inch was tested for stability at 77° IF. in the 
Hubbard-Field machine. The holes from which the 


cores were taken were refilled with the previously 


molded cylinders. The results of these stability tests 
ur yen in table 10. 

_Atter the completion of the final traffic tests, a por- 
tion of each section was removed for extraction of the 


sol asphaltic material, in the same manner as pre- 
V1O described, and the recovered bitumen ana- 
lvzi The results of these tests are given in table 11. 
La: of the surface one-half inch thick were used for 
ni Is. Section 1 was the only section that had an 
appreciable surface crust. This crust was approxi- 
matey one-eighth inch thick and the bitumen therein 
Wa overed separately, in addition to the bitumen 
ree ed from the top 's-inch laver which included this 
cru Sections 1, 2, and 3 possessed varving degrees 
ol 


itv throughout their entire thickness, section 1 


st ie most plastic, followed by section 3 and then 
Se which, although greasy, was slightly plastic. 
= +, 5, and 6 were friable and crumbly, section 6 
“e very dry, somewhat greasy appearance. 

( irison of tables 7 and 10 shows that only the 
a sections 2, 4, and 6 had greater stabilities at 
the ‘usion of the test than did the molded cylinders 
contuting the same asphaltic binder and exposed under 
glass or 20 weeks. Stabilitv is developed by an 
increase in the density of the mixture or by an increase 
ps the hardness of the contained bitumen. |The molded 
. ~ ‘increased in stability only through an increase 


ardness of the bitumen by loss of volatile matter 
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rHE AppLicaTION OF 70,000 WHEEL-PAssAGES OF TRAFFIC. 
TABLI 10 Res f Tubhard-Field stability test at 77° F. on 
en f } [hie rack sections 
S t 
2 $ 5 ( 
8 ‘ l Lt I Lb. | Lt 
41 2) 250 225 225 
¢ i fter 5 0) 0 350 250) 
J { fter \ ' 250 300 350 2A0 
. 4 (after reek AM $25 400 500 575 14 
Aug 4, 1934 fter 10 t 25 875 650 750 950 TOO 
Sept. 19, 1934 (after e€ 95 1, 250 TOO 1, 100 On 950 
M 97, 1935 (before 5 Qn 175 1, 2h 1,075 1,12 
Se 27 13 before 
itely wet and drv tr 2 1, 675 1, 500 1, 700 1, 425 | 1, 275 
De ), 1935 (f test 5 1. 800 1. 450 1, 825 1, 550 | 1, 650 


and other alterations. This increase in hardness, as 
previously shown, was considerable, especially by the 
cylinders of samples 1 and 5. 

The track surfaces, on the other hand, increased in 
stability both from an increase in hardness of the 
bitumen and from increased density caused by traffic. 
The bitumen extracted from the surfaces was in no 
case as hard as the bitumen extracted from the molded 
cylinders exposed under glass. In no case, except the 
top \<-inch layer of section 1, were the extracted bitu- 
mens appreciably harder than the residues from dis- 
tillation of the original materials. In the case of the 
sections containing samples 2, 3, 4, and 6 the extracted 
bitumen was of approximately the same consistency as 
the distillation residue. In the case of the section 
containing sample 1 (exclusive of the \-inch crust), 
and of sample 5, the extracted bitumen was softer 
than the distillation residue. 
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FiGcureE 11 APPEARANCES Of 


TABLE 11 Results of tests on bitumen recovered from circ 


track sections after com pl tion of traffic tests 


Asphaltic 





material Bitu 
Sec in mix- Laver men Organic | Organic Org n 
tion a, — rf. Float matter on 
laid it 122° F. | insoluble soluble | ono 
— in CS3 in CC . 
I 4 } ent| Sec I I 
Top % inch. 7.1 232 0.0 ). ON 
7 lop % inch 7 80 04 0 
Second icl 7.0 0 Ot { 
Third neh 6.7 ) 07 rT 
|Top 44 it I 7.7 04 OS 
2 Second } ict 7.4 6 1s 
i Third 1% inet f $ 2 
{1 p 6 I 7 8 Os j 
7 Second I 2 26 2 
| Third m . 2¢ ) } 
|Top 4 ch 7.4 ) 0 s 
4 s Secone net 7 2 i ) 
{Third } 8 8 7 
{Toy ‘ } f 
7.8 |/See i 19 Ss 
(1! rd! net 7 He - SZ 
“x ime 8 27 2 
f 7 |JSecond 1 f } , , 
{Third nel { ) 20 ay 
! Percentage by weight. 


The high stabilities of the final cores from the track 
sections containing samples 2, 4, and 6, when compared 
with the low stabilities obtained on the cylinders after 
20 weeks of exposure under glass (in which the asphaltic 
materials had hardened to a greater extent), indicate 
that the higher stabilities of the cores from the circu- 
lar track sections must result chiefly from the increased 
densities that developed under the action of traffic 
Although a hard outer crust was formed on the molded 
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ACK SECTIONS AT ENpD or TEs1 


specimens, no appreciable crust was formed on any 
of the track sections except section 1. This is shown 
for sections 2, 3, and 6 by the fact that, although 
raveling removed the surfaces to a great extent upol 
sections 2 and 6 and to a lesser extent on section 3 « 
ing the final application of traffic on the alternatels 
wet and dry track, results of stability tests on the fin: 
cores taken from the track sections showed tha 
change in stability occurred during this period. 


SUMMARY 


While the purpose of this investigation was to « 
late the service behavior of these selected slow-curin 
liquid asphalts and road mixtures containing them wit! 
the results of the usual laboratory tests and wit 
results of the exposure tests, there are certain { 
that must be considered in interpreting the test 
already presented. 

[t is believed that the conditions of the circula: 
weathering test were not as severe as those to 
mixtures of similar character would be subje: 
placed as actual road surfaces for the following r 

1. The surfaces received lateral support fr 
curbs. 

2. The sections were laid on a dry, stable, non 
base 

3. The traffic applied subjected the surfaces 1 
tically no impa t or mutilative forces. 

4. Comparatively light wheel loads were ap 

The fine-graded mixtures compacted to pr 
dense, tight surface so that loss of volatile ma and 
weathering of the asphaltic binders were gr 
tarded. 
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The conditions of the exposure tests, especially those 
made on the thin films and molded specimens in the 
gluss-covered boxes, were more severe than those that 
occur in the circular track test or under actual road 
conditions. Accordingly, the extreme differences in 
ultimate behavior of the track sections, which the 
results of the exposure tests on both thin films and 
molded specimens indicated might occur, did not de- 
velop within the period these sections were under test. 

The great potential differences in hardening prop- 
erties of the materials investigated are shown by the 
results of the laboratory tests as well as by the exposure 
test results. It is clearly indicated that the distillation 
requirements for SC-2 material and the consistency 
requirements for the residue from distillation are too 
wide to permit selection of liquid asphalts with com- 
parable hardening properties. The behavior of the track 
section containing sample 1, which immediately develop- 
ed a hard surface crust, and the slow development of a 
cohesive surface in the sections containing samples 2, 3, 
and 6, show the extremes in behavior that may occur. 

While the routine laboratory tests indicated that 
there should be little difference in the road behavior of 
samples 2, 3, 4, and 6, the behavior of the track sections 
containing these products definitely show that there are 
decided differences initially and after weathering in the 
inherent binding and cementing qualities of these 
materials that are not indicated by those laboratory 
tests generally used to determine the conformity to 
specifications. The raveling that occurred in varying 
degrees in sections 2, 3, and 6, and the inability of these 
three sections to resist abrasion under traffic on the 
alternately wet and dry track, in contrast to the be- 
havior of the section containing sample 4, indicate that 
the true cementing or binding properties of these ma- 
terials are not shown by the laboratory tests on the 
original materials or by stability tests on the mixtures 
either before or after weathering. 

The blended material, sample 6, did not, under the 
laboratory tests required by the specification for SC-2 
material, show any indication of being an unstable blend 
Its instability was indicated by the asphaltic residue 


test run at standard temperature and was definitely 
shown in the exposure tests and in the behavior of the 
track section containing this material. It is believed 


that this material would prove unsatisfactory as a 
binder in surfacing roads. 
Because of the slowness of the sections containing 


) > 


2 and 3 to resist raveling and their inability 


after considerable aging to resist the scouring action of 
traffic when wet, it is believed that materials 2 and 3 
would not prove entirely satisfactory as binders in 
wearing surfaces, particularly when used with fine aggre- 
vate similar to that used in this investigation. 

Materials 1, 4, and 5 produced mixtures that im- 
mediately possessed good resistance to the abrasive 
action of traffic and were not disturbed during the final 
application of traffic on the alternately wet and dry 
track. In sections containing materials 1 and 5 some 
loss of volatile matter and the resultant hardening 
of the binder might have been responsible for their 
behavior. The results of tests on sample 4 and 
mixtures containing it indicate that the loss of vola- 
tile matter in the asphaltic material was far too small 
to account for the early and subsequent behavior of 
this section. 

The relative merits of materials 1, 4, and 5 as binders 
in this type of construction were not definitely indicated 
by these tests. The development of cracks in the sur- 
face of section 1 could probably have been avoided by 
additional manipulation of the mixture before spreading. 

The more plastic condition of the bituminous mixture 
in section 1 at the end of the test, in spite of the cracked 
surface crust, together with the high toughness de- 
veloped and retained by the cylinders containing sample 
1, indicate that this sample is of more durable character 
than samples 4 and 5 for the following reasons: 

1. Sections containing samples 4 and 5 were in a 
friable condition when disturbed at the end of the test. 

2. Impact cylinders containing samples 4 and 5 
lost toughness on continued exposure. 

3. There was high carbonization in the thin-film 
exposure residues of samples 4 and 5. 


TABLE SHOWING STATUS OF PUBLIC WORKS 
HIGHWAY CONSTRUCTION OMITTED FROM 
THIS ISSUE 


The table showing the current status of Public Works 
highway construction has been omitted from this issue. 
This table will appear in future issues only as space is 
avallable but at intervals not exceeding 3 months. 

On June 30 Public Works highway funds were in- 
volved in 286.8 miles under construction, 117.9 miles 
were approved for construction and $4,570,020 remained 
available for new projects. 

Copies of the table showing the status by States may 
be obtained upon application to the Bureau. 
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